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[57) ABSTRACT

A watch comprises an electronically controlled digital
display of the month, day of the month, day of the
week, or other information, in addition to a time- °
indicating analog display system. A single control cir-
cuit, using integrated circuit technology, controls the
operation of the two display systems. A synchronizing
arrangement for the synchronous control of the two
display systems and a battery-condition control circuit
to monitor the state of the watch battery are also in-
cluded. The combination of these features provides the
user with a watch which can be set and corrected in a
simple manner, which insures a synchronous link be-
tween all of the data being displayed, and which pro-
vides a timely warning when a battery change is neces-
sary.

13 Claims, 3 Drawing Figures
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ELECTRONIC CLOCK HAVING AN ANALOG |
'DISPLAY AND A PLURALITY OF DIGITAL
FUNCTIONS -

BACKGROUND OF THE INVENTION

The present invention relates to an electremc clock'
and more particularly to a quartz crystal wrist watch
having a quartz oscillator crreult and a frequeney di-
vider circuit.

British Pat. No. 1,462,898 discloses a quartz ‘wrist
watch having an analog display system for indicating
the time of the day and a digital display system for the
display of additional real time-related data such as the
month and the day of the month. Both display systems

are controlled by pulses which are derived from a fre-

quency divider circuit. This arrangement has a disad-
vantage in that each display system must be individually
set or corrected because a manual adjustment of the
pernter-drwrng clockwork mechanism does not result
in a simultaneous adjustment of the digital display Sys-

tem, so that the display of the time of the day and the‘

read-out of the date are asynchronous.

“Furthermore, this known watch does not include any
controls related to the battery condition: Smce one
battery is used to energlze two display systems a con-
trolling element, which is able to indicate in a suitable
manner the fading of battery power, ‘is desirable and
advantageous.

OBJECT AND BRIEF SUMMARY OF THE
| INVENTION |
It is therefore an object of the present invention fo

provide a clock wherein the time of the day can be
displayed in an analog fashion, and additional informa-

tion, such as the date, the day of the week and the like,

can be displayed digitally, wherein a sychronizing link
“1s provided between the analog display of the time of
the day and the digital display of the date, day of the

2

actuated and controlled without difficulty by the user of
the watch. The data provided by these additional func-
tions can be shown by the digital display unit in place of
the date and day of the week. This additional data can
be processed or stored in the display control circuit,

-~ which is designed on the basis of 1ntegrated circuit

10

technology.

- -The battery-condition control circuit, another feature
of the combination, insures in an advantageous manner
that the bearer of the watch will be made aware at the
proper time of the fading of battery power. Changing of

~ the batteries will not cause any problems even though
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week or the like, and wherein a fading of battery power 40

can be indicated.

The present invention achieves these ob_]ects by the
novel combination of the features described in detail

hereinafter. The combination of features proposed by

the invention attains a multitude of surprising results. 45

The synchronizing arrangement in the combination
insures that the digitally displayed data will be dis-

played and advanced synchronously with the time of
- the day. This synchronous link is accomplished by de-
riving the pulses for the advance of the digitally dis-
played data directly from the cyclic motion of the
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pointer-driving clockwork mechanism. A forced link is

established between the pointer-driving clockwork
mechanism and the switching elements of the synchro-
nizing arrangement to generate a synchronizing pulse.
When these elements are arranged in a predetermined
position a display-advancing pulse can be generated at a
midnight-marking point in time. This timed pulse oc-
curs whether the drive of the pointer-driving clock-
work mechanism is continuous, 1.e. in the normal course
of the time-keeping operation of the clock, or discontin-
uous due to a manual correction of the analog time-dis-
play unit. | | |
Furthermore, the clock provided by the present in-
- vention makes it possible to integrate additional func-
tions, such as a stop watch function, an alarm function,
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a time-schedule function or a computer function with a

relatively small increase in components- which can be

the time-keeping operation of the watch is interrupted,
since it is only necessary to reset the analog display to
correct the time when the watch starts running again. A
resetting of the date, or day of the week, is not required
because this data is automatically controlled by the
synchronizing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the present invention
will be described in greater detail with reference to the
accompanying drawing in which: | |

FIG. 1 1s a partial block diagram illustrating a clock
with a combination of features including analog and
dlgltal displays and a ﬁrst embodiment of a synchromz—
ing arrangement; |

FIG. 2 illustrates a second embodiment of a synchro-
nizing arrangement in partial schematic form; and

FIG. 3 illustrates another embodiment of a synchro-
nizing arrangement in partial schematic form. |

DETAILED DESCRIPTION

- The clock 1llustrated in FIG. 1, for example a quartz
crystal wrist watch, includes, within a casing 1, an ana-
log display system 2, a digital read-out unit 3, a quartz
oscillator 4, a display-setting unit 5, and an integrated
display control circuit 6. The display control circuit 6
includes a quartz oscillator circuit 7 for control of the
quartz oscillator 4 and a frequency divider circuit 8
connected in series with the oscillator circuit 7. The
display control circuit 6 also includes a conventional
control logic circuit 9, several display position selection
and correction control circuits 10, 11, 12, 13, and a logic
test circuit 14. The clock also includes a synchronizing
unit 15.

The analog display system 2 comprises a pointer-
driving unit including a stepping motor 16, a pointer-
driving clockwork mechanism 17 which is driven by
the motor 16, and an indicator system including an hour
hand 18, a minute hand 19, a second hand 20 and a
calibrated face (not shown). The stepping motor 16 is
connected with the output terminal of the frequency
divider circuit 8. The stepping motor 16 is controlled by
output pulses having a frequency of 1 cycle per second,
so that the second hand 20 is advanced by means of the
clockwork mechanism 17 once each second.

The digital read-out system 3 can be a fluid crystal
display unit having at least five display positions 21
which are arranged adjacent one another. Each display
position has a segmented display with at least seven
segments. It 1s also within the realm of the present in-
vention to use an electrochromatic, luminous-diode or
similar type of display in place of the fluid-crystal dis-
play unit. The digital display positions 21, together with
an optical separator 22 in the form of a dash or a colon,
will allow the selective digital display of the following



3._
real tlme related information: date and month, day of
the week in a preselected language or one of a number

of other selectively available languages, date, of the
month, chronographic displays,

elapsed time, stopped time, etc. It is also feasible, by
structuring the display control unit 6 i In an appropriate
known manner, to utilize the display positions 21 for the
display of additional functions such as specific points in

zero time count,-
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time to be remembered, appointments to keep, spec:al]y |

computed figures and the like. Also integrated in the
display control circuit 6 is a battery condition control

10

circuit 23 which generates a signal when the battery

voltage drops below a certain, predetermined level. The

signal generated by the battery contol circuit 23 is trans-

mitted to one of the display positions 21 where it causes
one or more of the display segments to flash intermit-
tently. It is also possible to inform the user of the watch
of low battery output potential by means of some other
signal, such as an audible signal, for example.

The control pulses for the operation of the fluid-crys-
tal display unit 3 are derived from the frequency divider
circuit 8 and fed by means of control channels into the
control logic circuit 9 where they are processed and
transmitted to the individual display positions 21. The
display setting unit § includes several switches which
can be manually actuated by means of a plurality of

manually operated push buttons 24, 25, and a rotatable

spindle 26 which can be set to various positions. The
switches and spindle interact with display position se-
lection and correction control circuits 10, 11, 12, 13 and

with the logic test circuit 14 to adjust and test the opera-.

tion of the display unit segments.
- T'he adjusting spindle 26 can be radially pulled from
its normal illustrated position to an outer position. Pull-

ing the spindle 26 to the outer position closes a reset

contact 27 which is connected with the correction con-
trol circuit 10. The closing of this reset contact 27 sup-
presses the transmission of pulses from the fregency
divider circuit 8 to the stepping motor 16 and the fluid-
crystal display unit 3 while information is being entered
into the display control circuit 6. When the spindle 26 is
in its outer position, it is also possible to correct the
positions of the minute hand 19 and the hour hand 18 in
a conventional manner by turning the adjusting spindle
26. When the adjusting spindle 26 is returned to its
normal position, pulses will again be fed into the step-
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ping motor 16 and the previously suppressed digital

read-out will again appear at the fluid crystal display
unit 3.

50

The adjusting spindle 26 also Interacts with a selec-

tion switch 28 and a testing switch 29 of the display
setting unit 5. The testing switch 29 can be closed by
turning the adjusting spmdle 26 while in its normal
position. This switch 29 is connected to the logic test
circuit 14 and serves in conjunction with this test circuit
to check the function of the display control circuit 6 and
the control logic 9. The tested circuits can be connected

to a measuring device (not shown) by way of test input
leads 30 and 31.

33

The selection switch 28 can be closed by pushing the -

adjusting spindle 26 from its normal position to an inside
position. The closing of the selection switch 28, which

1s connected with the dlSplay selection switching circuit

11, results in suppression of the day of the week and
date read-out on the fluid crystal display unit 3 and a
different piece of information, such as the zero display

65

of the elapsed time function, can be displayed. A re-

4

peated pressing of the adjusting spindle 26 would re-
store the date and day of the week read-out.

- The elapsed time function is triggered by a first push
button 24 which, when actuated, closes a trip-switch 32.

This latter switch 32 is connected with a chronographic
control circuit 13. The first actuation of the push button
24 causes the initiation of the timing operation, with

running time being indicated in minutes, seconds and
fractions of a second by the individual display dlglts 21

of the fluid crystal display unit 3. A second pressing of
the push button 24 stops the timing operation and the
elapsed time is then shown on the fluid crystal dlSplay
unit 3. A third pressing of the push button 24 will reset
the counters and the memory of the chronographic
control circuit 13 and the fluid crystal display unit,
wherein all numeral dlsplay digits 21 will then read
Zero.

'A second push button 24 1nteraets with a dlsplay
selectlon switch 33 which is connected with the display-
sélection and correction control circuit 12. Beginning
with a read-out of the day of the week and the date, a
first brief pressing of the push button 25 will cause the
suppression of this read-out and switches the dlsp]ay to
a numerical read-out of the month. If this first pressing
is maintained for a relatively long period of time, the
new display, i.e. read-out of the month, will be automat-
ically adjusted at a fixed correction frequency, for ex-
ample 1 cps, derived from the frequency divider circuit
8.

A second, brief pressing of the push button 25 results
in suppression of the numerical display of the month
and switches the display to a fully numerical read-out of
the date, showing month and day of the month, for
example 12-23. If this second pressing is maintained for

a pertod of time, the numerical day, shown by this new

read-out, 1s then automatically corrected by a fixed
correction frequency, for example 1 cps, again derlved
from the frequency divider circuit 8.

A third, brief pressing of the push button 25 results in

-suppression of the numerical read-out of the date and

switches the display to abbreviations of the languages
which can be used for the days of the week, for example

“DT” for German, “FR” for French, “EN” for En-

glish, “IT” for Italian, “SP” for Spanish and “PO” for
Portuguese If this third pressing of the push button 25
1s maintained for a period of time, the display unit 3 will
automatically cycle through the abbreviations of the
languages which can be used for the days of the week at-
a frequency derived from the frequency divider circuit
8, until the button 25 is released. A fourth, brief pressing

of the push button 25 will then cause the display to

switch from the previous language read-out to a read-
out of the day of the week and the date of the month,
with the day of the week appearing in the abbreviation
of the selected language. If this fourth pressing of the
push button 23 is maintained for a relatively long period
of time, the read-out of the day of the week is corrected
at the fixed frequency derived from the frequency di-
vider circuit 8, until the correct day of the week appears
on the fluid crystal dlsplay unit 3.

A fifth, brief pressing of the push button 25 results In
a return to the original read-out, showing the day of the
week 1n a preselected language together with the day uf
the month.

The synchronizing unit 15 has its mput termmal con-
nected to the pointer-driving clockwork mechanism 17
and its output terminal connected to the display control
circuit 6. The synchronizing umt 15 is designed such-
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that synchronizing pulses dertved from the cyclic mo-
tion of the clockwork 17 can be fed into the display
control circuit §, preferably at a rate of one pulse per 24
hours, to advance the digital read-outs for the month,
day of the month and day of the week. |

FIG. 1 illustrates a first embodiment of a synchromz-
ing unit 13 having a switching wheel 34 and a pinion 33
which 1s mated with and driven by the pointer-driving
clockwork mechanism 17 by means of a step-down
gearing 36. This step-down gearing 36 is proportioned
in such a manner that the switching wheel 34 will per-
form one single rotation per day. The synchronization
unit 15 also contains a contact arrangement which
cioses at least one switching path 37 leading to the
display control circuit 6, for the purpose of generating a
display-advancing pulse.

The switching wheel 34 carries a radlally protruding
pin 38 which interacts with the movable contact of a
switch 39 connected to one pole of a battery. In the
illustrated embodiment, the negative pole of the battery
is connected to the movable contact and forms an inte-
gral part of the contact arrangement. The pin 38 is
located on the switching wheel 34 in a position relative
to the pointer-driving clockwork mechanism 17 such

10
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that the switch 39 will be closed for a short period of 25

time in the course of continuous operation of the clock.
This closure takes place once per day, preferably at
midnight, to thereby generate a switching puise. This
switching pulse is fed into the display control circuit 6,
and is transformed into a display-advancing pulse which
is then transmitted to the fluid crystal display unit 3,

with the result that the date i1s advanced each time by

one unit.
FIG. 2 illustrates a second embodlment of the syn-

insulative material and carries at its circumference a
contact surface 40, which serves as a contact bridge.
The contact arrangement of the synchronizing unit 135
comprises three mating contacts 41, 43, 45. The first
mating contact 41 is connected to the set input terminal
S of an RS flip-flop 42. The flip-flop 42 is integrated in
the display control unit 6. The second central contact 43
1s connected to the negative pole 44 of a battery. The
third mating contact 45 is connected to the reset input
terminal R of the RS flip-flop 42. These three mating
contacts 41, 43, and 45 co-act in pairs with the contact
surface 40 of the switching wheel 34 to generate two
time-staggered set and reset pulses which are fed to the
RS flip-flop 42.

The contact surface 48 is arranged on the switching
wheel 34 in a manner relative to the pointer-driving

30
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pulse, to thereby advance the day of the week and the
date shown on the fluid crystal display unit 3 by one
unit. |

It will be apparent from the preceeding description
that the digitally displayed values are advanced syn-
chronously with the displayed time of day. This ad-
vancement applies to the continuous operation of the
clock as well as to the case of a correction of the pointer

position in a forward direction beyond the midnight

switching time point.

The synchronizing arrangement illustrated in FIG. 3
allows the correction of the displayed clock time to take
place in a forward or a reverse direction by generating
either a forward or a reverse display-setting pulse in
dependence upon the direction of the correction motion
of the minute hand 19 beyond the switching time point.
The synchronizing arrangement of this embodiment
includes two leaf spring contacts 48 and 49 which are
arranged side-by-side and which are connected with the
positive pole of the battery. The arrangement further
includes two mating contacts 50, 51 which are arranged
on the switching wheel 34. These two mating contacts
50, 51 are slightly offset relative to each other when
viewed in the direction of rotation of the switching
wheel 34.

Each of the two mating contact surfaces 50 and 51
respectively is further connected with one input termi-
nal 52 and 33, respectively, of a reversible control logic
54. This control logic 54 has two output terminals. The
first output terminal is connected to the UP input termi-
nal 85 and the second output terminal is connected to
the DOWN input terminal 6 of an UP-DOWN count-
ing unit 87. The counting unit 57 controls the advance

~ of the digital read-out. The reversible control logic 54
chronizing unit 15. The swiiching wheel 34 is made of 35

40

45

50

clockwork mechanism such that, shortly before the -

generation of a display-setting pulse, the two mating
contacts 41 and 43 will be connected with each other by
way of the contact surface 40 and thereby set the RS
flip-flop 42. When the switching wheel 34 continues to
rotate in the direction of the arrow 46, the two mating
contacts 43 and 45 will be connected with each other by
- way of the contact surface 40 at the precise moment
required for the generation of the display-setting pulse,
e.g. midnight. The location of the leading edge of the
contact surface 40 at this point in time is marked by a
dot and dash line 47 in FIG. 2. A switching pulse is
thereby produced to be fed into the reset input terminal
R of the RS flip-flop 42 to reset the flip-flop. The signal
which is present at the false output terminal Q of the RS
ilip-flop 42 will then be presented to the circuitry of the
display control circuit 6 in the form of a display-setting

53
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includes two flip-flop units 58 and 59 which are con-
trolled by a logic consisting of logic gates 60, 61, 62 and
63. The reversible control logic 54 and the UP-DOWN
counting unit 37 are components of, and are integrated
in, the display control circuit 6.

Due to the lateral stagger of the mating contact sur-
faces S0 and 51 on the switching wheel 34, and in con-
junction with the two spring leaf contacts 48 and 49,
two time-staggered pulses are generated when the mid-
night switching time point is crossed. The relative phase
shift of these two pulses is evaluated in the reversible
control logic 54 and either a forward or a backward
counting pulse will be fed into the UP-DOWN counting
unit 57, depending on the relative position of the pulses.

This arrangement insures that the analog display of
the time of the day and the digital read-out showing the
day of the week and the date will remain synchronous
with each other not only in the course of the normal
time-keeping operation of the clock or in the case of a
forward correction of the analog display, but also in the
case of a reverse correction of the analog display be-
yond the midnight switching time point. If a reverse
direction correction movement of the minute hand 19

- crosses the switching time point, the reversible control

logic 54 will recognize such movement as being a re-
verse direction correction, and a counting pulse will be
fed into the DOWN input terminal 56 of the UP-
DOWN counting unit §7. This will result in a set back
by one unit of the day of the week and the date shown
on the fluid crystal display unit 3.

The synchronous coupling of the analog time display
with the digital read-out of the date and the day of the
week 1s accomplished by the synchronizing arrange-
ment of the present invention with the use of relatively
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simple means and in an advantageous manner. Further-

more, the combination of an analog display system with

a digital read-out system, an integrated display control

circuit, a synchromzmg umt and a battery-condition
control circuit provides a watch which, due to its dis-

tinct separation of the .individual displays, allows its -

bearer to read all data clearly and free of errors, while
1nsurmg a simple handling and momtonng of functlons

in spite of their variety.

The present invention may be embodied in other
sspecific forms without departing from the spirit or
essential characteristics thereof. The presently disclosed
embodiments are therefore considered in all respects as
tllustrative and not restrictive. The scope of the inven-
tion is indicated by the appended claims rather than the

8

selection and. correction control circuit, a chrono-
graphic contro] circuit, and a logic test circuit whxch

are all arranged within one IC-chip. | .
5. An electronic clock as defined in claim 4, further

“including a display setting unit which comprises a plu-
~ rality of switches, and a first manually operated push |

~ button, a second manually operated push button and an

10

15

foregoing description, and all changes which come

within the meaning and range of equivalency of the
claims are therefore intended to be embraced therein.

What is claimed is:

1. An electronic clock, COIIlpI‘ISlIlg

a cyclically operating analog display system for indi-
cating the time of day;

an electronically controlled digital display system for
selectively indicating a plurality of other real time
related data;

an integrated display control circuit including an
oscillator circuit for providing timing pulses and a
frequency divider circuit for converting said tim-
ing pulses into control pulses having a predeter-
mined frequency for controllmg sald analog and
~digital display systems;

a control unit having a logic element, a switching
wheel driven by the cyclically operating analog
display system, a contact surface on the circumfer-
ence of satd switching wheel, a first mating contact

- connected to one input terminal of said logic ele-
ment, a second mating contact connected with a
reference voltage source, and a third mating
contact connected to another input terminal of said
logic element wherein said mating contacts coact
in pairs with said contact surface of said switching

20
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wheel to generate two time staggered pulses which

are fed into the logic element to selectively actuate
said logic element to generate an actuating pulse
which is transmitted to the display control circuit
to cause a stepwise change in the digital indication
of the real time related data; and

- a battery-condition test circuit for actuating the digi-
tal display system to indicate when the output volt-

age from a power supply battery drops below a
predetermined level.

2. An electronic clock as defined in claim 1 wherein
the analog display system comprises a stepping motor
responsive to the output signal from the frequency di-
vider circuit, a pointer-driving clockwork mechanism
driven by said motor, and an indicator system driven by
said clockwork mechanism.

3. An electronic clock as defined in claim 1 wherein
the digttal display system includes a fluid-crystal display
unit with at least five display positions, each display
position having a segmented display unit with at least
seven segments.

4. An electronic clock as defined in claim 1 wherein
the oscillator circuit and the frequency divider circuit
are integrated components of the display control cir-
cuit, further wherein the display control circuit com-

prises a control logic circuit, a correction control cir-

cuit, a display-selection switching circuit, a display

45
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adjusting spindle which can be set at various positions
for controlling actuation of said plurallty of switches.
6. An electronic clock as defined in‘¢claim 5, wherein
a first switch of the display setting unit is connected
with the correction control circuit, a second switch of
the display setting unit is connected with the display-
selection switching circuit, and a third switch of the
display setting unit is connected with the logic test
circuit, further wherein these switches are actuated by
movement of the adjusting spindle and the information
displayed on the analog display system is corrected by -
means of the adjusting spindle. - |
7. An electronic clock as defined in claim 5 wherein
the display setting unit further includes a fourth switch
which is connected with the chronographic control
circuit and which is actuated by the first manually oper-
ated push button, and a fifth switch which is connected
with the display-selection and correction control circuit

‘and is actuated by the second manually operated push

button.

‘8. An electronic clock as defined in claim 4, wherein
the output terminals of the correction control circuit,
the display-selection switching circuit, the display-
selection and correction control circuit, the chrono-
graphic control circuit, the logic test circuit, the bat-
tery-condition control circuit, and the frequency di-
vider circuit are connected to the control logic circuit,
and further wherein output terminals of the control
logic circuit are connected to the digital display system.

9. An electronic clock as defined in claim 1 wherein
the contact elements of said pair of contacts are located
relative to the pointer-driving clockwork mechanism
such that actuating pulses for the advancement of the
digitally displayed data are generated at a midnight
marking point in time.

10. An electronic clock as defined in claim 1, wherein
sald logic element is a flip-flop with the first of said
time-staggered pulses acting to set said flip-flop and the

second of said pulses acting to reset said flip-flop.

11. The electronic clock of claim 1 wherein said
switching wheel is made of insulative material.

12. An electronic clock, comprising:

a cycllcally operating analog display system 1ndlcat-
ing the time of day; |

an electronically controlled digital display system for -
selectively indicating a plurality of other real time
related data;

an integrated display control circuit including an
oscillator circuit for providing timing pulses and a
frequency divider circuit for converting said tim-

ing pulses into control pulses having a predeter-

mined frequency for controllmg said analog and
digital display systems; |
‘a control unit having a switching wheel driven by the
cyclically operating analog display system, a pair
of contacts, two mating contact surfaces disposed -
on the switching wheel slightly staggered relative
‘to each other, and a reversible control logic having
two input terminals connected to said two mating
contact surfaces, wherein rotation of said switch-
ing wheel produces contact respectively between



4,262,345

9

said pairs of contacts and said mating contact sur-

faces to generate two time staggered pulses having

a relative phase shift dependent upon the direction

of rotation, which are processed in the reversible

‘control logic to thereby generate an actuating pulse

which is transmitted to the display control circuit

“to produce a stepwise change in the digital indica-
tion of the real time related data; and

a battery-condition test circuit for actuating the digi-

tal display system to provide an indication when

S

10 .
the output voltage from a power supply battery
drops below a predetermined level.

13. The electronic clock of claim 12 wherein said
reversible control logic has two output terminals re-
spectively connected to two input terminals of a revers-
ible counting unit for controlling the digital display unit
and wherein said reversible control logic is responsive
to the relative phase shift between pulses to selectively

actuate the reversible counting unit to count in a for-

10 ward or a backward direction.

15

20

25

30

35

* %x % ¥ %

45

50

55

65



	Front Page
	Drawings
	Specification
	Claims

